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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[** important point] 

It is related with the control system of the external modulator which achieves stabilization of the 
lightwave signal outputted from electric-light conversion circuit used for an optical transmission system. 
It aims at the ability to prevent degradation of the extinction ratio of the appearance mosquito lightwave 
signal accompanying an operating point drift, without being dependent on input signal. The drive circuit 
which generates driver voltage according to an input signal. Bias voltage and this driver voltage are 
given and a light beam is modulated with this input signal. The optical modulator which outputs a 
lightwave signal, and the low frequency signal superposition circuit which superimposes the low 
frequency signal which has a low frequency compared with this input signal to the level from which this 
input signal differs, respectively so that it may become an opposite phase mutually, The low frequency 
signal component contained in this lightwave signal is detected, and based on a detection result, it has 
the bias control circuit which controls this bias voltage, and is constituted. 
(Field of the Invention) 

This invention relates to the control circuit and the light modulation approach of an optical transmitter 
and an optical modulator of achieving stabilization of the lightwave signal outputted. 
(Prior art) 

Conventionally, the reactance modulation system which modulates the current which flows to 
semiconductor laser with a data signal was adopted as electric-light conversion circuit of an optical 
transmission system. However, in the reactance modulation system, since the effect of the wavelength 
variation (char ping) of the lightwave signal with which transmission speed is outputted by responding 
for becoming quick becomes large, long-distance transmission has become difficult by the wavelength 
dispersion in an optical fiber. 

Then, the electric light conversion circuit using the external modulator of the Mach TSUENDA mold 
external modulator (henceforth "MZ modulator") which does not produce a char ping theoretically, and 
others is examined. On the other hand, with the configuration using such an external modulator, in order 
to attain long-term operational stability of an optical transmission system, stabilization of the lightwave 
signal outputted to temperature fluctuation and aging is needed. 

Fig. 6 is drawing showing the basic configuration of the electric 1 light conversion circuit which used 
the external modulator. 

In drawing, according to the input signal given through the drive circuit 73, the outgoing radiation light 
of semiconductor laser 75 is modulated, and it outputs as a lightwave signal by external modulation 71. 
Conventionally, as an approach of compensating a gap of the operating point of the external modulator 
accompanying temperature fluctuation in such an electric - light conversion circuit, a low frequency 
signal is superimposed on one logical level of an input signal, a modulator is driven, and the approach of 
controlling the operating point by the phase of the low frequency signal detected from the lightwave 
signal outputted is proposed. 
(Object of the Invention) 
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By the way, MZ modulator produces change (operating point drift) in the ON appearance mosquito 

property by the direct current voltage impressed, the temperature change, and aging. 

Eig_Z is drawing showing the input-output behavioral characteristics of MZ modulator. 

In drawing. ** shows the property before producing an operating point drift, and ** shows the property 

at the time of producing an operating point drift. In addition, the input-output behavioral characteristics 

of MZ modulator have periodicity to driver voltage, as shown in drawing. 

Therefore, an efficient binary modulation can be performed by using the driver voltages VO and VI 
from which each cusp value of the upper and lower sides of the output photoelectrical force is acquired 
corresponding to each logical value of an input signal. 

As for the lightwave signal outputted from such a MZ modulator, an extinction ratio deteriorates that 
driver voltages VO and VI are fixed according to above-mentioned periodicity at the time of generating 
of an operating point drift. Therefore, if the amount of drifts is set to dV when an operating point drift 
occurs, it is necessary to compensate an operating point drift by setting driver voltages VO and VI to 
VO+dV and VI +dV, respectively. 

However, the control which holds the optimal operating point according to increase of change of the 
mark rate of an input signal, build up time, or falling time amount by the compensation approach of the 
conventional operating point drift which superimposes a low frequency signal on one logical level of an 
input signal was difficult. 

This invention aims at offering the control circuit and the light modulation approach of the optical 
transmitter which can prevent degradation of the extinction ratio of the output lightwave signal 
accompanying an operating point drift, and an optical modulator, without being dependent on an input 
signal. 

(The means for solving a technical problem]) 

The low frequency signal superposition circuit which superimposes the low frequency signal which has 
a low frequency in invention according to claim 1 compared with this input signal to the voltage level 
from which an input signal differs, respectively so that it may become an opposite phase mutually, 
Optical modulator which bias voltage and the input signal with which it was superimposed on this low 
frequency signal are given, and outputs the modulated lightwave signal It is characterized by having the 
bias control circuit which controls this bias voltage based on the detection result of the low frequency 
signal component contained in this lightwave signal. 

In invention according to claim 2, when this input signal is a digital signal, this low frequency signal 
superposition circuit superimposes a low frequency signal so that it may be set to high level and a low 
level with an opposite phase at each. 

This bias control circuit compares the low frequency signal component contained in this low frequency 
signal and this lightwave signal, and controls this bias voltage by invention according to claim 3 based 
on a comparison result. 

Bias voltage and an input signal are given to claim 4 in invention of regulation, and it becomes irregular 
with this input signal, and in the control circuit of the optical modulator which outputs a lightwave 
signal, a low frequency signal superposition circuit superimposes the low frequency signal which has a 
low frequency compared with this input signal to the level from which this input signal differs, 
respectively so that it may become an opposite phase mutually. 

A bias control circuit detects the low frequency signal component contained in this lightwave signal, and 
controls this bias voltage based on a detection result. 

In invention according to claim 5. this low frequency signal superposition circuit superimposes a low 
frequency signal so that phases may differ to the extent that high level and a low level are resembled, 
respectively, when this input signal is a digital signal. 

This bias control circuit compares the low frequency signal component contained in this low frequency 
signal and this lightwave signal, and controls this bias voltage by invention according to claim 6 based 
on a comparison result. 

It is characterized by to control this bias voltage based on the detection result of the low-frequency 
signal component which superimposes the low-frequency signal which has a low frequency in invention 
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according to claim 7 compared with this input signal to the voltage level from which an input signal 
differs, respectively so that it may become an opposite phase mutually, gives bias voltage and the input 
signal with which it was superimposed on this low-frequency signal to an optical modulator, outputs the 
modulated lightwave signal, and is contained in the this modulated lightwave signal. 
(Work for ) 

In this invention, a low frequency signal superposition circuit gives the input signal which carried out 
amplitude modulation by the low frequency signal to an optical modulator through a drive circuit, and 
the optical modulator modulates a light beam with the input signal, and it outputs. 

A bias control circuit compares the low frequency signal and phase which detected and mentioned above 
the frequency component of the low frequency signal on which it carried out in this way, and the 
lightwave signal was overlapped, and detects the direction of an optical modulator operating point drift 
from the phase contrast. 

When there is no operating point drift in an optical modulator, a low frequency signal is modulated by 
opposition corresponding to each logical value of an input signal, and since it is not contained in the 
lightwave signal with which the frequency component is outputted, the phase contrast detected here is 
set to "0." Moreover, the condition that the difference of such a phase is set to "0" is generated, without 
being influenced by the wave of an input signal. 

On the other hand, when an operating point drift arises, corresponding to each logical value of an input 
signal, a low frequency signal is in phase, and is modulated, and it is contained in the lightwave signal 
with which the frequency component is outputted. Moreover, the difference of the phase called for 
serves as a value which is different 1 80 degrees according to the direction of an operating point drift. 
Therefore, when a bias control circuit controls the operating point of an optical modulator in the 
direction and this direction of an operating point drift, the lightwave signal outputted from an optical 
modulator can be stabilized. 
(Example) 

Hereafter, the example of this invention is explained to a detail based on a drawing. 
Fig. 1 is drawing showing one example of this invention. 

In drawing, the semiconductor laser 21 which is the light source gives outgoing radiation light to the MZ 
modulator 22 used as an external modulator. On the other hand, the low frequency signal of the 
predetermined frequency (= fO) which an input signal and an audio frequency oscillator 24 output is 
inputted, by this low frequency signal, amplitude modulation of the input signal is carried out to the 
adjustable gain amplifier 23 used as a low frequency signal superposition circuit of an input signal, and 
it is outputted to it. This output signal is inputted into the drive amplifier 25 and pan which obtain 
predetermined signal level through a capacitor 26 at one modulation input terminal of the MZ modulator 
22. Moreover, the bias tee 27 and the terminator machine 28 by which the series connection was carried 
out are connected to the modulation input terminal of another side of the MZ modulator 22. In addition, 
the drive amplifier 25. a capacitor 26. the bias tee 27. and the terminator machine 28 are equivalent to 
the drive circuit of the MZ modulator 22. 

The MZ modulator 22 modulates the outgoing radiation light of semiconductor laser 21 with the signal 
given from this drive circuit, and changes and outputs it to a lightwave signal. 

That part branches by the optical branch circuit 29. and this lightwave signal is taken out. This branched 
lightwave signal is inputted into the photodiode 30 which performs optical-electrical-and-electric- 
equipment conversion, and the electrical signal acquired by that output is inputted into one input 
terminal of a mixer 32 through the band pass amplifier 3 1 which carries out selection magnification of 
the frequency component of fO. Moreover, the low frequency signal which an audio frequency oscillator 
24 outputs is inputted into the input terminal of another side of a mixer 32. A mixer 32 compares the 
phase of these signals and outputs the signal according to the phase contrast. In addition, a shunt circuit 
29, a photodiode 30, a band pass amplifier 31, and a mixer 32 are equivalent to a bias control circuit. 
The output signal of this bias control circuit is inputted into one input terminal of the differential 
amplifier 34 through the low pass filter 33 which passes the signal below predetermined frequency. 
Moreover, the input terminal of another side of the differential amplifier 34 is connected to a circuit 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 4/16/2004 



Page 4 of 5 



ground. The output of the differential amplifier 34 is connected to the bias tee 27. 

Fig^2 is drawing showing the wave of the output lightwave signal of an external modulator. 

Fig_3 is drawing showing the wave of the output lightwave signal at the time of operating point drift 

generating of the forward direction. 

Eig_4 is drawing showing the wave of the output lightwave signal at the time of operating point drift 
generating of the negative direction. 

Hereafter, with reference to Eigs^ 1 - 4 , the control action of the operating point according to the 
operating point drift of the MZ modulator 22 is explained. 

The wave of the input signal changed into a lightwave signal with the MZ modulator 22 is superimposed 
on a low frequency signal by the input signal, as shown in Eig^ (a). A drive of the MZ modulator 22 
which has the input-output behavioral characteristics shown in Fig. 2 (b) with such an input signal 
acquires the output lightwave signal by which amplitude modulation was carried out by the signal of 
frequency 2fO as shown in Fig. 2 (c). 

In the condition that there is no operating point drift, since the driver voltages VO and VI corresponding 
to each logical level of an input signal are set up between up-and-down cusp values (half period) on the 
ON appearance mosquito property of the MZ modulator 22. respectively, the low frequency signal on 
which the input signal was overlapped is mutually modulated on "0" level of an input signal, and "1" 
level at opposition. Therefore, the frequency component of fO is not detected by the output of a band 
pass amplifier 3 1 . 

However, if an operating point drift arises, as shown in Figs. 3 and 4 , the low frequency signal on 
which the input signal was overlapped will be in phase in "0" level of an input signal, and "1" level, and 
will be modulated. Changing the mean power of the lightwave signal outputted on a frequency fO with 
such an inphase modulation, the phase of the frequency component fO serves as a value different 180 
degrees according to the direction of the operating point drift of the MZ modulator 22. Therefore, the 
signal according to phase contrast with the low frequency signal which the frequency component fO and 
audio frequency oscillator 24 output is acquired by the output of a mixer 32. 

The differential amplifier 34 controls driver voltage by the signal according to such an operating point 
drift so that a frequency component fO is not contained in an output lightwave signal, and it holds the 
optimal operating point which amended the operating point drift. 

In addition, in this example, although driver voltage is supplied through a bias tee, the envelope of the 
input signal modulated by low frequency is symmetrical with the upper and lower sides, and as long as it 
can adjust the direct-current output voltage of the drive amplifier 25, a capacitor 26 and the bias tee 27 
may be removed. Moreover, it may replace with a mixer 32 and IC for analog multiplication may be 
used. 

Below, the principle of operation of operating point control according to such an operating point drift is 
explained quantitatively. 

If the amplitude (= |V0-V1|) of the input signal corresponding to each logical value of an input signal is 
set to Vpi, the value which normalized the ** mosquito of an output lightwave signal with the peak 
value is set to P and the value which normalized driver voltage by Vpi is set to V, the input-output 
behavioral characteristics of the MZ modulator 22 will be given by the formula of P(V) = (1-cos (pi (V- 
Vd))) / 2. In addition, Vd is the operating point drift voltage normalized by Vpi. 

by the way, the driver voltages VO and VI corresponding to the logical level "0" of an input signal, and 
" 1 " if the low frequency signal of a frequency fO (=omega 0/2pi) performs amplitude modulation with a 
modulation factor m to the close mosquito signal with which the amplitude is equivalent to the input 
signal of Vpi — VO=m sin (omegaOt) 
Vl=l-m sin (omegaOt) 

It is given by ******. Moreover, m sets, when sufficiently small, and the power PO and PI of a 
correspondence **** output lightwave signal is PO=P (VO) to each of such logical level. 
** (l-cos(piVd)-pim sin(omegaOt) sin (piVd)) 
/2P1=P(V1) 

It is given by each approximate expression of** (l+cos(piVd)-pim sin(omegaOt) sin (piVd))/2. 
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Furthermore, mean power P2 of the output lightwave signal in the build up time and falling time amount 



P 2 = { 1/ (V,-Vo) } P(v)dv 

J Vo 

= 1 II - cos( n V 0 )sin( n Vd)/( n ( 1 - 2 V 0 ) ) 

of an input signal, % 1/2 -((1 + 2msin( w 0 t))/ ?r )sin( n Vd) 
It is given by ******** 

Fig. 5 is drawing showing the appearance probability of each logical value of the input signal in an eye 
pattern. 

In drawing, M shows the mark rate of an input signal and r is a constant which shows the relation 
between the bit rate fb of an input signal, the build up time of an input signal, and falling time amount 
(=r(l/fb)). 

Therefore, the power Pav of the output lightwave signal averaged by time amount sufficiently shorter 
than the period (= 1/fO) of the low frequency signal on which an input signal is overlapped using such 
an appearance probability Pav= (given by the formula of r(l-M)2+(l-r) (1-M) PO+(rM2+( 1 -r) M) Pl+2r 
(1-M) MP2**KOPO+KlPl+K2P2.) In addition, KO, Kl, and K2 are proportionality constants shown in 
a top type, respectively. 

therefore, the component P of the frequency fO of the low frequency signal included in the power Pav of 
an output lightwave signal - P=- {(r(l-M) 2+(l-r) (1-M)+ (rM2+(l-r) M)) (pi/2) (+2r(l-M) M(2/pi)} 
xmsin(piVd) sin (omegaOt)) 

It is given by the ** type. Therefore, the component P of a frequency fO changes in the phase 180 
degrees with directions of an operating point drift (polarity of Vd). Moreover, if the multiplication of 
this frequency component P is carried out to reference frequency sin (omegaOt), the dc component of 
the positive/negative according to the direction of an operating point drift is detectable. That is, the 
operating point can be held the optimal by performing control which sets this dc component to "0." 
In addition, since that a frequency component P is always set to "0" is only the case where the operating 
point drift Vd is "0", the operating point can be controlled the optimal, without being dependent on the 
parameters M and r changed according to the wave of an input signal. 
(Effect of the invention) 

As mentioned above, according to this invention, the optimal operating point can be held corresponding 
to the operating point drift of a modulator, without being dependent on an input signal. 
Therefore, the lightwave signal outputted from a modulator is stabilized, degradation of the extinction 
ratio is prevented, and it becomes possible to introduce a modulator into a practical system. 



[Translation done.] 
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